Abstract. Most ovarian tumors contain ovarian cyst fluid (oCF) which can be easily obtained during surgery. This is the first study that explored if CA 125 in oCF could be of prognostic value for patients with epithelial ovarian cancer (EOC). Of 54 patients with primary EOC, oCF and preoperative serum were collected and clinicopathological data were retrospectively obtained. CA 125 was measured with the commercially available CA 125 assay. CA 125 in oCF (n=54, median: 55,500 U/ml, range: 590-10,200,000 U/ml) was always higher than in the corresponding serum (n=51, median: 179 U/ml, range: 13-11,000 U/ml) (p<0.001) and values were moderately correlated (R=0.337, p=0.016). CA 125 in oCF was associated with histology (p<0.001) and tumor grade (p=0.038). High levels of oCF CA 125 (>median) were significantly associated with a poor diseasefree survival (DFS) (log-rank p=0.002 and p=0.005 univariate Cox-regression). Other factors associated with a poor DFS in univariate analysis were advanced FIGO stage, suboptimal debulking (both p<0.001), high tumor grade (p=0.025), serous histology (p=0.003) and high serum (>media) CA 125 (p=0.009). In multivariate analysis, only FIGO stage was of independent predictive value. These findings indicate that, although high levels of oCF CA 125 were significantly associated with a poor survival of EOC patients, CA 125 in oCF was not of independent predictive value and might therefore not be useful as a prognostic biomarker for EOC.
Introduction
Epithelial ovarian cancer (EOC) is the leading cause of death from gynecological malignancies in developed countries. Due to the absence of specific signs and symptoms in an early stage of disease, the majority of patients are diagnosed when the tumor has already metastasized to the upper abdomen with a subsequent 5-year overall survival of <20% (1, 2) .
Prognostic biomarkers are gaining attention as they are able to predict survival and response to treatment of patients with EOC at time of diagnosis, and many gynecologic oncologists have emphasized the need for these markers to select patients for individually-based treatment (3, 4) . Cancer antigen (CA) 125 is the best known biomarker for ovarian cancer and the only biomarker that is used in daily practice worldwide. It was discovered by Bast et al in 1981 and has been used ever since (5) . Clinically, post-treatment serum CA 125 has proven its value and is used for the follow-up of EOC patients (4, 6, 7) . However, the role of preoperative serum CA 125 as a prognostic marker for survival remains questionable. The majority of studies could not demonstrate a prognostic significance (8) (9) (10) (11) (12) , while other studies found that preoperative serum CA 125 correlated significantly with survival in univariate analysis (3, (13) (14) (15) (16) , although the prognostic effect was lost in multivariate analysis in most of these studies (3, 13, 15) .
EOC typically presents as a large cystic mass which contains variable amounts of fluid (17) . Ovarian cyst fluid (oCF) is encapsulated in the ovarian tumor and therefore, it represents a micro-environment which contains compounds directly released by the tumor tissue. Since preoperative punction of oCF might cause tumor spill, it can only be obtained during or after surgery. Therefore, the clinical value of biomarkers in oCF is limited to prediction of survival and/or response to treatment of patients with EOC. A number of studies have compared oCF CA 125 levels between patients with benign and malignant ovarian tumors (18) (19) (20) (21) . However, to our knowledge, no studies have been published investigating the prognostic value of oCF CA 125 for patients with EOC.
We performed the first study that explored the prognostic value of oCF CA 125 for the prediction of survival of patients with EOC. We also investigated the relation between oCF CA 125 levels and important clinicopathological parameters of patients with EOC.
Material and methods
Patients. In the period between January 2000 and January 2008, ovarian cyst fluid (oCF) was collected from patients who underwent primary surgery for an ovarian tumor at the Radboud University Nijmegen Medical Centre (RUNMC) and stored at our cyst fluid biobank. During or after primary debulking or diagnostic surgery, oCF was collected when a cystic ovarian tumor was diagnosed as malignant by frozen section examination. Cyst fluid collection was never performed during interval debulking surgery. oCF was obtained from 68 patients. Four patients were excluded because final paraffin examination revealed that the origin of the primary tumor was not ovarian derived. Another 10 patients were excluded because the ovarian malignancy was non-epithelial. Included in this study were patients with histologically-proven primary epithelial ovarian cancer (EOC) (n=54 patients). Informed consent was obtained from all participants.
Sample collection. Cyst fluid samples of the ovarian tumors were collected by aseptic fine-needle aspiration at the Department of Pathology, immediately after surgical removal of the tumor. Preoperative serum samples of the patients (n=51) were taken within one week prior to surgery. From 3 patients, preoperative serum could not be obtained. After cooled transport to our laboratory, the oCF and blood samples were centrifuged at 3000 x g for 10 min and the supernatant was aliquoted and stored at -35˚C until use.
CA 125 measurements. CA 125 measurements in oCF and serum were performed with the commercially available CA 125 assay (AxSYM, Abbott Laboratories, Chicago, IL, USA) with a minimum detectable concentration of 2 U/ml. This assay is based on microparticle enzyme immunoassay technology and uses the murine monoclonal antibody OC 125 as catching antibody. Determination of CA 125 was carried out without prior knowledge of the patients' clinical outcome.
Clinicopathological characteristics.
Complete pathological reports of all EOC patients were reviewed for correct histopathological diagnosis (primary ovarian carcinoma, histological tumor subtype and tumor grade) by one pathologist (J.B.), specialized in gynaecological oncology. Surgery and FIGO staging was always performed by a gynaecologist specialized in oncology from the RUMCN. From the medical records, the following clinicopathological characteristics were retrospectively retrieved: age at diagnosis, FIGO stage, residual tumor after surgery, tumor recurrence and date of death. For some patients, information about one or more clinicopathological parameters could not be retrieved (Table I) . Staging was performed according to the criteria of the International Federation of Gynaecologists and Obstetricians (FIGO) (22) . Patients were divided into two groups: patients with early stage (FIGO stage Ia-IIa) and patients with advanced stage (FIGO IIb-IV) EOC (23) .
Histopathological tumor type and grade were classified according to the World Health Organization (WHO) criteria (24) . Existence of residual tumor after surgery was divided into two groups by the criteria for optimal cytoreduction (25) ; patients who had no residual disease or a residual lesion <1 cm, and patients with a suboptimal debulking of one or more centimeters residual tumor. Recurrence of disease was defined as a measurable lesion during follow-up evaluated by computed tomography, magnetic resonance imaging and/or ultrasonography.
Statistical analysis. Statistical analysis was carried out using SPSS 16.0.2 software (SPSS Benelux BV, Gorinchem, The Netherlands). Correlations between oCF CA 125 and serum CA 125 values were analyzed by Spearman's rank correlation testing. Normality of value distributions was assessed using Kolmogorov-Smirnov testing, and obtained by normal-log (Ln) transformation of both serum and oCF CA125 levels. Differences in levels of CA125 in serum or oCF samples from EOC patients categorized by clinicopathological characteristics, as grouping variables, were assessed with parametric Student's t-tests or ANOVA with post-hoc Tukeys HSD tests where appropriate. The median of CA125 values (for both serum and oCF CA 125) was used as the cut-off value for dichotomizing oCF and serum CA 125. Diseasefree survival (DFS) time was used as follow-up end-point and was defined as the time interval from the date of surgery to the date of recurrence or death, and censored at last follow-up. Survival curves were generated using the method of Kaplan-Meier. Equality of survival distributions was tested using log-rank testing, univariate and multivariate Cox regression analysis.
Results
Study population. The patient's age at diagnosis ranged from 32 to 89 years, with a median age of 56 years. Numbers of patients in various clinicopathological subgroups are listed in Table I . Serous carcinomas were found in 24 patients (44%), 14 patients had mucinous carcinomas (26%), and 8 patients had endometrioid type carcinomas (15%). Of the remaining 8 patients in the category 'other', 2 patients had clear cell carcinomas (4%), 1 patient had an undifferentiated adenocarcinoma (2%) and 5 patients had ovarian adenocarcinomas not otherwise specified (NOS) (9%). Of the 19 patients with early FIGO stage, 11 had Ia, 1 had Ib and 7 patients had FIGO Ic. Of the 34 patients with advanced FIGO stage, 2 had IIb, 2 had IIc, 3 had IIIa, 8 had IIIb, 13 had IIIc, and 6 patients had FIGO stage IV. For 1 patient, FIGO stage could not be obtained. Of the total number of 54 patients, 31 (58%) were treated with 6 courses of adjuvant platinum-based chemotherapy after primary surgery, 5 (9%) patients received neo-adjuvant chemotherapy before interval surgery, and 18 (33%) patients did not receive chemotherapy at all. Median follow-up time was 42 months (range: 10-120 months). None of the patients was lost to follow-up. DFS ranged from 1 to 120 months, with a median of 16 months. Within the followup period, 25 patients (46%) showed recurrent disease and 17 patients died (32%).
CA 125 levels in oCF and preoperative serum. Values for CA125 in oCF (n=54) of patients with EOC ranged from 590 up to 10,200,000 (median 55,500) U/ml. Preoperative serum CA 125 values could be obtained from 51 patients, and ranged from 13 to 11,000 (median 179) U/ml. CA 125 in oCF was always higher than in serum (p<0.001, Student's t-test, Fig. 1A ). Serum and oCF CA 125 within single patients were moderately correlated (R=0.337, p=0.016, Spearman's correlation test, Fig. 1B) .
Differences between histopathological patient categories. Table I lists the association of CA125 in oCF and CA 125 in preoperative serum with different clinicopathological patient characteristics. CA 125 in oCF was significantly lower in patients with mucinous tumors compared to patients with other histological subtypes (p<0.001), and was significantly lower in patients with well-differentiated tumors compared to ONCOLOGY REPORTS 23: 579-584, 2010 581 Table I . Association of CA 125 (U/ml) in oCF and serum and clinicopathologically defined patient categories. 
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a P-value of Student's t-test or ANOVA of Ln normalized values; a and b denote categories that differ significantly in post-hoc Tukey's HSD analysis. patients with poorly-differentiated tumors (p=0.038). Serum CA 125 was also lower in patients with mucinous tumors (p=0.014) compared to patients with serous tumors and correlated with tumor grade (p=0.007) as well. In addition, serum CA 125 was significantly higher in patients with advanced FIGO stage (p<0.001) compared to patients with early FIGO stage.
-----------------------------------------------------------------------------------------------------
Survival analysis. Fig. 2 shows the Kaplan-Meier DFS curves of the patients with oCF CA 125 median values >55,500 U/ml and <55,500 U/ml (Fig. 2) . High levels of oCF CA 125 were significantly associated with a poor DFS (p=0.002, log-rank test). Table II shows the hazard ratio with 95% CI, using the univariate proportional hazard model. For the variables 'FIGO stage', 'tumor grade' and 'serum CA 125', one, four and three cases were missing, respectively. Advanced FIGO stage, serous histology, high tumor grade, a suboptimal debulking, high preoperative serum CA 125 and high oCF CA 125 levels were significant predictors of a poor DFS. However, using the multivariate proportional hazard model with selection procedure, FIGO stage was the only independent predictor that had impact on DFS (HR=87.1; 95% CI: 1.11-6845; p=0.045). As a result, the other factors did not contribute additionally to FIGO stage to predict the time to recurrence.
Discussion
This is the first study that explored if CA 125 in oCF could be of prognostic value for patients with EOC. Ovarian CF is in close contact with the ovarian tumor epithelium and can be easily obtained by fine-needle aspiration after removal of the ovarian tumor at primary surgery. CA 125 measurement in oCF is possible with the standard CA 125 assay and therefore, seems to be applicable in clinical practice. In the present study high levels of oCF CA 125 were significantly associated with a poor prognosis of EOC patients. In addition, CA 125 in oCF did not show any relationship with FIGO stage and/or debulking status, which have been shown to be the most important prognostic factors for EOC (3). These findings suggested an independent prognostic role for oCF CA 125. However, multivariate survival analysis showed that FIGO stage was the only independent predictor of the time to recurrence. Therefore, we concluded that CA 125 in oCF was not of additional value as a predictive marker for patients with EOC.
Prognostic markers are of major importance for the clinical management of patients with EOC and therefore, identification of the group of patients with a poor disease outcome should occur as early as possible. Currently, serum CA 125 is used during chemotherapeutic treatment to monitor response. It has also proven its value to predict recurrence and disease progression after primary therapy (4,6,7). However, the role of preoperative serum CA 125 as a prognostic tumor marker remains unclear as most studies could not show a significantly independent predictive effect (3, 4, 9, (11) (12) (13) (14) 26) . We found that preoperative serum CA 125 was a significant predictor of DFS in univariate analysis. However, it correlated strongly with FIGO stage, which also has been demonstrated in previous studies (3, 9, 14, 27) . Therefore, similar to oCF Table II . Univariate Cox regression analysis of clinicopathological parameters and oCF CA 125 as prognostic factors for DFS in patients with EOC. 
Hazard ratio (95% confidence interval); 1.00, reference category. CA 125, preoperative serum CA 125 in the present study was not of additional prognostic value either.
Only two reports have evaluated the prognostic value of CA 125 expression in ovarian tissue. De la Cuesta et al (28) found that patients with a high expression of the analyte had a significantly poorer prognosis compared to patients with no expression. More recently, Høgdall et al (8) reported on a large series of ovarian tissue samples that increased tissue expression of CA 125, as determined by immunohistochemistry, was related to poor prognosis, but only in the group of patients with advanced stage EOC. In the present study, we also found that patients with high levels of CA 125 in oCF had a significantly poorer prognosis and also that these oCF CA 125 levels were not related to FIGO stage. Therefore, we believe that oCF CA 125 might give a representative reflection of the tumor tissue biology.
The present study demonstrated that oCF levels varied between different histopathological subtypes. More specifically, mucinous tumors contained significantly lower amounts of oCF CA 125 than all other subtypes. It has been shown previously that the proportion of CA 125-producing cells differs between EOCs due to its well-known variety of histopathological subtypes (8, 20, 29) , of which mucinous tumors produce less CA 125 (8) . In their series of 584 ovarian cancer tissue samples, Høgdall et al found CA 125 expression in 12, 40, 65 and 85% of mucinous, clear cell, endometrioid and serous samples, respectively (8) .
The mechanism of CA 125 release from epithelial cells of the ovary into oCF or serum has been poorly understood. Jacobs et al (30) reported that elevation of preoperative serum CA 125 is not always related to the production of the CA 125 analyte in ovarian tissue. In FIGO stage I EOC, when the tumor is still confined to the ovaries, the phenomenon of high tissue CA 125 levels in association with normal serum CA 125 levels has been demonstrated (30) . A similar observation was found in patients with benign ovarian tumors, where high CA 125 levels in oCF were accompanied by low serum CA 125 levels (20) . This might suggest that CA 125 is released into the serum only in case of extensive infiltrative growth and wide-spread malignancy, probably because of loss of permeability of the basement membrane and the substantial contribution of metastatic lesions to the CA 125 production (20) . Therefore, preoperative serum CA 125 seems to be a marker for disease progression, which might explain its high correlation with FIGO stage of disease. On the other hand, CA 125 in oCF seems to result from a more continuous production brought about by the malignant ovarian epithelium. In the present study, oCF CA 125 was only correlated with histology and grade, which are pathological characteristics of the tumor tissue itself.
This study was performed to explore the predictive possibilities of analysis of CA 125 in cyst fluid of patients with EOC. Our retrospective study comprised a relatively small and heterogeneous cohort of patients with EOC. Although we found that high levels of CA 125 were significantly associated with a poor DFS in univariate analysis, a prospective study with more uniform samples and increased power is required to replicate our findings. Based on the results of the present explorative study, we suppose that analyzing CA 125 in oCF has no additional value in prediction of recurrence for patients with EOC.
